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“Tuk feasting and the ¢anvassing weéte preliminary to 
the actual conflict to which we are now come. Our 
election scenes, which should have afforded to foreigners 
an example of popular rights exereised with that 
decency and sobriety which becomes England—the 
parent of free institutions—have often been such as to 
‘nspire them only with wonder and disgust. The cir- 
‘cumstances attending an actual election have been 
greatly improved by recent legislative enactments. 
The limitation of the time of polling, and the multi- 
plication of convenient places for receiving votes—as 
well as the previous registry—have taken away many 
of the scenes of riot and violence by which a poll was 
formerly disgraced. But the influence which perverts 
the suffrage still remains; corruption still often wins 
more than honesty. 

This picture tells its own story with the usual effect 
of Hogarth’s paintings. The parts of the booth appro- 
priated to the rival candidates are denoted by their re- 
spective party colours. The persons elevated on chairs 
in each compartment would seem to be the chairmen 
of each candidate's committee, present at the booth to 
watch the proceedings. He who is the most remote 
does not appear to be satisfied with the state of the 
poll, as his gesture betrays uneasiness or impatience. 
‘The other seems to be absorbed in contemplation, and 
does not notice the person on his right hand, who 
appears to be sketching his portrait. The uneasiness 
of the chairman is not the only circumstance that sig- 
nifies the persons in the outer portion of the booth to 
be the losing party. They are hard driven for votes. 
A man who has lost the use of his limbs, and, as 
appears from his vacant stare, of his intellect also, is 
brought to the poll, and the suggestions or solicitations 
of the polling-clerk before him, who tenders the Tes- 
tament, are assisted by a whisperer behind. This 
whisperer has manacles on his legs, and a paper 
appears in his pocket, inscribed as “ The Sixth Letter 
to the People of England,”’—circumstances which 
denote him as Dr. Shebbeare, who was pilloried and 
imprisoned two years for a libel against the king. 
Behind him is a freeholder who has just been brought 
to the poll from a sick or dying bed. He has the 
party favours in his nightcap; and it may be remarked, 
perhaps, as one of those minute touches in which 
Hogarth excels, that the features of one of this poor 
man’s supporters are turned so as to furnish consider- 
able resemblance to a death’s head. How unhappy it 
is that such contests should ever be associated with 
circumstances which must divest even a victory of that 
true distinction which it ought to confer! 

There is still a further circumstance to denote the 
extremities to which one of the parties seems driven. 
Their attending lawyer appears disputing with the 
lawyer of the other party the validity of a vote which is 
proffered to their clerk. The voter is a pensioner who 
has lost both his arms and one leg in the wars. He 
takes hold of the book with his iron-hook hand, and 
the point disputed between the rival barristers seems to 
be, whether an oath thus taken, without a real hand to 
hold the book, can be valid. This is certainly a severe 
satire on the legal quibbles by which gnats are so often 
strained at, while camels are swallowed without the 
least difficulty. The circumstance seems to the clerk, 
who holds the book while the voter is taking the oath, 
so irresistibly comie that he is constrained to lay his 
hand to his mouth to check his laughter. The whole 
scene is highly characteristic of the indifference with 
which the most solemn of human sanctions comes to 
be regarded when it has grown too familiar by 
excessive use. We rejoice greatly at the measures 
which have been lately taken, and are still in progress, 
a purpose of doing away with unnecessary public 
oaths, 
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Among the suborditiate citcumstancés of the scene 
we should not omit to notice the touch at the squibs 
which are so often circulated by the adverse parties at a 
contested election. We would hope that these, at least, 
have become more decent than they were in Hogarth’s 
days: but even of this we do not feel quite certain. 
The character of that which the old ballad-woman is 
circulating is expressed by the figure which it exhibits 
of a man hanging from a gallows. A party of men in 
the booth are reading a copy of this paper with much 
apparent glee. _ 

And what is the moral of all this? Hogarth himself 
tells us; and, for the sake of telling it with what he 
considered more of point and effect, he has introduced 
an allegory—a licence which has the countenance of 
great masters, but to which our artist never in any 
other instance resorted. In doing so here, he doubtless 
fell into a mistake of judgment ; but, as he has dealt 
with it, he has made it point most expressively the 
moral he intended to convey. The coach of Britannia 
is broken down, while the servants play at cards on the 
coach-box: and amidst the excitement and the din of 
party contests, no one perceives her danger or hears 
her cries, 


WILLIAM BILLINGS. 


In the churchyard of Longnor, a small market-town in 
the county of Stafford, there is a head-stone bearing 
the following inscription :— 

*€ Billeted by Death, I quarter’d here remain, 

And when the trumpet sounds, I'll rise and march again.” 
We quote this not for the sake of any point it contains, 
—for we have a decided objection to epitaphs of this 
description—but because we have to mention the person 
to whom it refers. The stone was erected, in the year 
1794, by the subscriptions of some neighbouring 
gentlemen, to perpetuate the memory of a poor man 
who died in that year at Fairfield Head, in the parish 
of Alstonefield at the advanced age of 114 years. 

This man, whose name was William Billings, was 
literally born under a hedge (not more than 100 yards 
from the cottage in which he died), in the year 1679. 
In his youth he was a farmer's servant ; but preferring 
a life of enterprise to the quiet of domestic life, and 
being, perhaps, roused by the warlike spirit of the time, 
he quitted his situation in 1702, and, going to Derby, 
enlisted in a regiment then stationed in that town. 
This regiment afterwards formed part of the expedition 
which was sent,*under the command of Sir George 
Rooke, against Gibraltar, which at that time belonged 
to the King of Spain. After Gibraltar was taken, 
Billings’s regiment was sent into Flanders, and formed 
part of the army of Prince Eugene and the Duke of 
Marlborough. At the battle of Ramillies, in 1706, 
Billings had the honour of saving the life of the 
“great captain.” The duke was thrown from his 
horse in leaping a ditch, and was nearly surrounded 
by a detached party of Marshal Villeroi’s army, deter- 
mined to take him either dead or alive; when Billings, 
observing the perilous situation of his commander, 
immediately brought to his relief a few of his comrades, 
who threw therfiselves between their general and the 
enemy, and succeeded in bringing him off in safety. 
But although Billings’s intrepidity and presence of 
mind had saved the duke, he had himself the misfortune 
to receive, during the skirmish, a musket-ball in the 
thick part of his thigh, which the surgeons were unable 
to extract. About thirty years after this affair, how- 
ever, it worked itself downward, and eventually came 
out underneath his ham. With that sort of attachment 
with which men regard things to which they have been 
long accustomed, even though these things have been 





the instruments of pain, Billings carefully preserved, to 
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the day of his death, this “ French cherry,” as he 
jocularly called the ball. 

Billings was at the siege of Ostend in 1706; and, 
so far as the circumscribed sphere of a private soldier 
admitted, he seems to have distinguished himself by 
his gallantry and courage. But the correspondent who 
furnishes the facts of this narrative does not consider 
that there was any higher motive to exertion than the 
plunder and animal indulgences which a victory usually 
ensured to the conquerors. This made the life of a 
soldier a most happy one to him at that time. No 
doubt, he was not singular in these feelings. After 
having had his due share in the several actions of that 
memorable war, Billings returned to England in 1712, 
with the safe possession of all his limbs. In 1715 he 
served against the rebels; and, in 1745, he was with 
the Duke of Cumberland at Preston Pans and Cul- 
loden. 

After having spent in the army three-quarters of a 
century, and that principally in foreign lands, it might 
have been expected that some provision would have 
been made for him: but it was not so. He had never 
received any promotion; and, on iis discharge, no 
pension was allotted to him. We have no information 
on the subject ; but certainly this would leave room for 
the suspicion that his conduct had not always been 
satisfactory to his superiors. The old man was, how- 
ever, during his remaining days, preserved from entire 
destitution by the charity of his neighbours. The great 
age at which he died indicates the excellence of his 
constitution. From his birth to his death, he never 
experienced a day’s illness ; and his final passage from 
life was perfectly tranquil. 





MUSCULAR STRENGTH OF MAN AS AFFECTED BY 


ET. 


A series of experiments has lately been made in France 
with a view of determining the effect of gelatine as an 
article of diet; in the course of which, as wé learn from a 
paper read at the Academy of the Arts and Sciences, Paris, 
the following resulis were obtained. It must be observed 
that gelatine is the jelly extracted from animal substances 
by boiling them in water ; and M. Edwards, by whom the ex- 
periments alluded to were made, considers isinglass as pure 
gelatine: but it was ascertained that, though highly nu- 
tritious under certain circumstances, it resembled bread 
and some other articles in being unable to sustain life by 
itself alone. Bread and gelatine together form a nutritious 
aliment, but they are insufficient to sustain the vigour of 
the body in a proper manner. When, however, gelatine is 
flavoured by the sapid and odorous parts of meat, it then pos- 
sesses highly nutritive qualities, and not only fully sustains 
the animal powers, but occasions their greater development. 
In the course of his experiments, M. Edwards availed himself 
of the dynamometer, a little instrument probably consisting 
of a steel-spring coiled into a spiral, which, if pressed upon 
with all the force a person possesses, becomes compressed : the 
degree to which this is effected being pointed out by an index. 
It was ascertained in this manner that, during the first half 
of the day, the muscular strength is ae increasing, 
while, during the other half, it is progressively diminishing ; 
and that this development of the bodily powers was the 
natural process of the animal system. Another series of ex- 
periments was tried with a view of estimating the muscular 
force immediately before breakfast, and immediately after 
that meal. The mean result of eight days’ trial upon the 
same individual was as follows :—78,5; degrees before break- 
fast, and 807 degrees immediately after it. The meal con- 
sisted of a cup of chocolate and a small loaf. On the same 
individual taking, during three successive mornings, ‘a 
similar quantity of water instead of chocolate, it was found 
that a diminution of two degrees was occasioned by the 
alteration. On sugar being added to the water, the effect 
was the same, though not quite so decided. The chocolate, 
prepared with sugar, and the customary quantity of water, 
was now substituted, which created an additional degree of 
strength, amounting to 3%; degs. The chocolate and bread 
were therefore the sole nutritious properties of the meal. 
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Common broth was next adopted as a diet; and first the 
effects of warmth were ascertained distinct from that of the 
broth itself. Eight ounces of water were drunk at a tem- 
perature of 104° Fahrenheit, the ordinary temperature at 
which broth is taken. The dynamometer showed that the 
muscular power had been diminished 3,% degs. by the heat, 
in addition to that produced by the water simply. The effect 
of good broth, even at this temperature, was found to in- 
crease the force of the body six or eight degrees. The 
general conclusions established by these experiments are, 
that the muscular force of strong men is increased after a 
moderate and wholesome meal; on the contrary, persons 
who are weak from illness, old age, or youth, or by their sex, 
lose strength directly after a meal. This elevation or de- 
pression of the powers immediately after taking food must be 
distinguished from the subsequent effect of the digestion, — 
an operation which concentrates the bodily energy towards 
the stomach, and, consequently, counterbalances the previous 
effect. The dynamometer indicates the diffe ence between 
these opposed forces: this difference is less among weak than 
among strong persons. In an experiment on the inmates of 
one of the Paris hospitals, it was ascertained that soup com- 
posed of gelatine, instead of diminishing the strength of 
weak persons as the whole meal does, gave an increase to 
the men of two degrees, and to the women of three : and, by 
using a double quantity of gelatine (4 oz.), a further increase 
of strength was afforded. 





MR. JOHN LOMBE, AND THE SILK-THROWING 
MACHINERY AT DERBY. 


Tue Lombes were originally manufacturers at Nor- 
wich ; but removed to London, and became silk- 
throwsters and merchants there. There were three 
brothers, Thomas, Henry, and John; the first was 
one of the sheriffs of London at the accession of 
George II. in 1727, on which occasion, according to 
custom, the chief magistrate was created a baronet, 
and Mr. Lombe was knighted. The second brother, 
who was of a melancholy temperament, put an end to 
his existence before those plans were developed which 
connected the name of Lombe with one of the most 
important manufactures of the country. 

‘The Messrs. Lombes had a house at Leghorn under 
the firm of Glover and Unwin, who were their agents 
for purchasing the raw silk which the Italian peasantry 
sold at their markets and fairs to the merchants and 
factors. There were many other English houses at 
Leghorn, Turin, Ancona, and other parts of Italy, 
chiefly for exporting silk to England, in part return 
for which numerous cargoes of salt-fish were, and still 
are, received from our ports for the consumption of the 
Italians during their Lent and other fasts. It was at 
that time customary for the English merchants en- 
gaged in the Italian trade to send their apprentices 
and sons to the Italian ports, to complete their mer- 
cantile education by acquainting themselves on the 
spot with the details of their peculiar line of business. 
It was professedly in compliance with this custom, but 
with a deeper ulterior view, that ihe youngest of the 
brothers, Mr. John Lombe, who at that time was little 
more than twenty years of age, proceeded to Leghorn 
in the year 1715. 

The Italians had at that time become so much supe- 
rior to the English in the art of throwing silk, in con- 
sequence of a new invention, that it was impossible for 
the latter to bring the article into the market on equa 
terms. This state of the trade induced the Lombes to 
consider by what means they might secure the same 
advantage which their improved machinery gave to the 
Italians: and the real view of the younger brother in 
proceeding to Italy was, to endeavour to obtain such 
an acquaintance with the machinery as might enable 
him to introduce it into this country. The difficulties 
in the way of this undertaking were very great, and 
would have appeared insurmountable to any but a 
person of extraordinary courage and perseverance, 
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[Sir Thomas Lombe's Silk-mill, Derby.] 


We find these difficulties thus stated in the paper 
which Sir Thomas Lombe printed for distribution 
among the members, when he applied to Parliament 
for the renewal of his patent. One, at least, of these 
printed papers has been preserved, and has been lent 
us for the present occasion. It is there said that,— 
“ The Italians having, by the most judicious and proper 
rules and regulations, advanced and supported the 
credit of the manufacture, have also, by the most severe 
laws, preserved the mystery among themselves for a 
great number of years to their inestimable advantage. 
As, for instance, the punishment prescribed by one of 
their laws, for those who discover, or attempt to dis- 
cover, anything relating to this art, is death, with the 
forfeiture of all their goods, and to be afterwards 
painted on the outside of the prison walls, hanging to 
the gallows by one foot, with an inscription denoting the 
name and crime of the person; there to be continued 
for a perpetual mark of infamy.” 

The young Lombe, however, was not to be deterred 
by the danger and difficulty of the enterprise. On his 
arrival, and before he became known in the country, 
he went, accompanied by a friend, to see the Italian 
silk-works. This was permitted under very rigid limi- 
tations: no person was admitted except when the 
machinery was in action, and even then he was hurried 
through the rooms with the most jealous precaution. 
The celerity of the machinery rendered it impossible for 
Mr. Lombe to comprehend all the dependencies and 
first springs of so extensive and complicated a work. 
He went with different persons in various habits, as a 
gentleman, a priest, or a lady; and he was very gene- 


rous with his money; but he could never find an | 


opportunity of seeing the machinery put in motion, or 
of giving to it that careful attention which his object 
required, Despairing of obtaining adequate informa- 
tion from such cursory inspection as he was thus enabled 
to give, he bethought himself of associating with the 
clergy, and, being a man of letters, he succeeded in 
ingratiating himself with the priest who confessed the 


family to which the works belonged. He seems to 
have opened his plans, partly at least to this person, 
and it is certain that he found means to obtain his co- 
operation. According to the scheme which they planned 
between them, Mr. Lombe disguised himself as a poor 
youth in want of employment. The priest then intro- 
duced him to the directors of the works, and gave him 
a good character for honesty and diligence, and de- 
scribed him as inured to greater hardships than might 
be expected from his appearance. He was accordingly 
engaged as a fillatoe-boy, to superintend a spinning- 
engine so called, His mean appearance procured him 
accommodation in the place which his design made the 
most acceptable to him,—the mill. While others slept, 
he was awake and diligently employed in his arduous 
and dangerous undertaking. He had possessed him- 
self of a dark lantern, tinder-box, wax-candles, and a 
case of mathematical instruments. In the day-time 
these were secreted in the hole under the stairs where 
he used to sleep; and no person ever indicated the 
least curiosity to ascertain the extent of the possessions 
of so mean alad. He thus went on making drawings 
of every part of this grand and useful machinery; the 
priest often inquired after his poor boy at the works, 
and, through his agency, Lombe conveyed his drawings 
to Glover and Unwins; with them models were made 
from the drawings, and dispatched to England piece- 
meal in bales of silk. These originals are still, we 
believe, preserved in the Derby mills. 

After Lombe had completed his design he still re- 
mained at the mill, waiting until an English ship 
should be on the point of sailing for England. When 
this happened, he left the works and hastened on board. 
But meanwhile his absence had occasioned suspicion, 
and an Italian brig was dispatched in pursuit; but the 
English vessel happily proved the better sailer of the 
| two, and escaped. It is said that the priest was put to 
| the torture: but the corrsspondent of the ‘Gentleman’s 
Magazine,’ to which we are indebted for most of the 
facts we have stated, says that, after Mr. Lombe’e 
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return to England, an Italian priest was much in his 
company; and he is of opinion that this was either the 
priest in question, or, at least, another confederate in 
the same affair. Mr. Lombe also brought over with him 
two natives accustomed to the manufacture for the sake 
of introducing which he.had incurred so much hazard. 

After his return, Mr. John Lombe appears to have 
actively exerted himself in forwarding the works under- 
taken by him and his brother, Sir Thomas, at Derby ; 
but he did not live to witness their completion, He 
died on the premises, on the 16th of November, 1722, 
in the twenty-ninth year of his age. The common 
account of his death is, that the Italians, exasperated 
at the injury done to their trade, sent over to England 
an artful woman, who associated with the parties in the 
character of a friend; and, having gained over one of 
the natives who originally accompanied Mr. Lombe, ad- 
ministered a poison to him of which he ultimately died. 

We recur to Sir Thomas Lombe’s statement, already 
quoted, for the most authentic particulars respecting 
the progress of the werk. The document itself is 
entitled, ‘ A brief state of the Case relating to the 
Machine erected at Derby, for making Italian Organ- 
zine Silk, which was discovered and brought into Eng- 
land with the utmost difficulty and hazard, and at the 
sole expense of Sir Thomas Lombe.’ It commences 
with stating the eapabilities of the machine. “ This 
machine performs the work of making Italian organzine 
silk, which is a manufacture made out of fine raw silk, 
by reducing it to a hard-twisted, fine, and even thread. 
This silk makes the warp, and is absolutely necessary 
to mix with and cover the Turkey and other coarser 
silks thrown here, which are used for shute,—so that 
without a constant supply of this fine Italian organzine 
silk, very little of the said Turkey and other silks could 
be used, nor could the silk-weaving trade be carried on 
in England. This Italian organzine (or thrown) silk 
has in all times past been bought with our money, 
ready made (or worked) in Italy, for want of the art 
of making it here. Whereas now, by working it our- 
selves out of fine Italian raw silk, the nation saves 
nearly one-third part ;—and, by what we make out of 
fine China raw silk, above one-half of the price we pay 
for it ready worked in Italy.” The paper goes on to 
state that,—‘ The machine at Derby has 97,746 
wheels, movements, and individual parts (which work 
day and night), all which receive their motion from 
one large water-wheel, and are governed by one regu- 
lator: and it employs 300 persons to attend and supply 
it with work.” After stating the difficulties which had 
been surmounted in introducing this improvement, the 
paper thus concludes:—‘* Upon the introduction of 
which [this improvement], his late most gracious 
Majesty granted a patent to the said Sir Thomas 
Lombe, for the sole making and use of the said en- 
gines in England, for the term of fourteen years. 
Upon which he set about the work, and raised a large 
pile of building upon the river Derwent at Derby, and 
therein erected the said machine ; but before the whole 
could be completed several years of the said term were 
expired. Then the King of Sardinia, in whose country 
we buy the greater part of our supply of organzine silk, 
being informed of his success, prohibited the exporta- 
tion of Piedmontese raw silk; so that before the said 
Sir Thomas Lombe could provide a full supply of other 
raw silk proper for his purpose, alter his engine, train 
up a sufficient number of work-folk, and bring the 
manufacture to perfection, almost the whole of the said 
fourteen years were run out. ‘Therefore, as he has not 
hitherto received the intended benefit of the aforesaid 
patent, and in consideration of the extraordinary nature 
of his undertaking, the very great expense, hazard, and 
difficulty he has undergone, as well as the advantage 
he has hereby procured to the nation at his own ex- 
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pense ; the said Sir Thomas Lombe humbly hopes the 
Parliament will grant him a further term for the sole 
making and using his engines, or such other recom- 
pense as in their great wisdom shall seem meet.” 

The Parliament, considering the matter of much 
public importance, thought it best to give him a grant 
of 14,000/. on condition that the invention should be 
thrown open to the trade, and that a model of thie 
machine should be deposited in the Tower of London 
for public inspection. It is commonly stated that Par- 
liament refused to extend the patent, and granted the 
money to soften their refusal ; but we have seen that Sir 
Thomas himself suggested some “ other recompense ” 
than an extended patent, as an alternative. In the 
course of time similar mills began to be erected in dif- 
ferent parts’of the country; but, in consequence of the 
difficulties that were experienced in procuring Italian 
raw silk of the proper size for organzine (the exporta- 
tion of which was prohibited by the Italians), and also 
because the mills happened subsequently to find em- 
ployment for other purposes, the quantity worked into 
organzine in this country bore, for many years, no pro- 
portion to the imports from Italy. The manufacture 
has, however, been since revived and improved, in con- 
sequence of which it is now carried on to a very consi- 
derable extent, not only in Derby but in other parts of 
the country 

The mill erected by Sir Thomas Lombe stands upon 
an island, or rather swamp, in the Derwent, about 500 
feet long and 52 wide. ‘The building stands upon 
huge piles of oak, double planked, and covered with 
stone-work, on which are turned thirteen stone arches 
that sustain the walls. Its length is 110 feet, its 
breadth 39, and its height 55 feet. It contains five 
stories. In the three upper are the Italian winding 
engines, which are placed in a regular manner across 
the apartments, and furnished with many thousand 
swifts and spindles, and engines for working them. In 
the two lower floors are the spinning and twist-mills, 
which are all of a circular form, and are turned by 
upright shafts passing through their centres, and com- 
municating with shafts from the water-wheel. The 
spinning-mills are eight in number, and give motion 
to upwards of 25,000 reel-bobbins, and nearly 3000 
star-wheels belonging to the reels. Each of the four 
twist-mills contains four rounds of spindles, about 389 
of which are connected with each mill, as well as nume- 
rous reels, bobbins, star-wheels, &c. The whole of 
this elaborate machine, though distributed through so 
many apartments, is put in motion by a single water- 
wheel twenty-three feet in diameter, situated on the 
west side of the building. All the operations, from 
winding the raw silk to organizing, or preparing it for 
the weavers, are performed here. The raw silk is 
chiefly brought in skeins or hanks from China and 
Piedmont, The skein is, in the first instance, placed on 
a hexagonal wheel or swift, and the filaments which 
compose it are regularly wound off upon a small cylin- 
drical block of wood or bobbin. It is the work of five 
or six days to wind a single skein, though the machine 
be kept in motion for ten hours daily, on account of the 
amazing fineness of the filaments of which it consists. 
The silk, when thus wound off upon the bobbins, is 
afterwards twisted by other parts of the machinery, and 
is then sent to the doudlers, who ere chiefly women 
stationed in a detached building. Here four, seven, 
or ten threads are twisted into one, according to its 
intended size; the fine kind going to the stocking- 
weavers, and the others to different manufacturers. 
Other mills, erected more recently at Derby on a similar 
principle, greatly surpass this in their machinery and 
efficiency ; but the old mill must continue to be re- 
garded with peculiar interest as the first establishment 
of the kind erected in this country, 
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TIME. 
Tue object of this paper is to enable our readers to 
.ook into an almanac with a definite notion of what 
they are to expect to find in such works. Almanacs 
are now penny brethren, and deserve at least a penny- 
worth of consideration. 

The ancients believed in an immense crystal sphere, 
which turned all the stars round the earth. If there 
were such a sphere, but stationary, and if the hours 
of the day were properly marked upon it, a single 
star might serve the purpose of a clock to all the 
inhabited world. The heavens are in truth a clock, 
but not upon so simple a principle; there are no hours 
and minutes marked. Now if we suppose the hours 
and minutes rubbed off the face of a watch, while the 
hands perform their revolution as usual, we shall have 
something similar. We shall see phenomena, that is, 
the hands will come together and separate; but we 
need an almanac for such a watch to tell us how the 
time is to be inferred from the position of the hands. 
The difficulty of such an undertaking is precisely that 
of one branch of astronomy, and to it we shall first 
proceed. 

We begin our reckoning from some time when the 
minute and hour-hand are, as we should 
say of two planets, in conjunction, as at A 
in fig.1. We agree to divide the intervals, 
which elapse before conjunction again 
takes place at the same spot, into twelve 
parts called hours, each hour into sixty 
parts called minutes, &c. And the /aw 
of the motion is supposed to be that the 
minute-hand moves round .twelve times 
while the hour-hand moves round once, 
or moves, angularly, twelve times as fast as the hour- 
hand. The question now is, when will the next con- 
junction, that at B, take place? The answer is 
roughly, as every one knows, in about an hour and five 
minutes. But this cannot be exact; for while the 
minute-hand goes over five minutes, the hour-hand has 
described a twelfth of five minutes; while the minute- 
hand is making up the twelfth of five minutes, the hour- 
hand describes the hundred and forty-fourth part of five 
minutes; and so on for ever. In this way of considering 
the subject we shall not arrive at any result; but, 
returning to the hands of the watch, we can find 
the interval between two conjunctions as follows. In 
the twelve hours which elapse between a conjunction 
at A, and the same again, the minute-hand will be on 
the hour-hand eleven times, reckoning the last time at 
which conjunction again takes place at A. That is, 
there are eleven of the periods of which we are in 
search contained in twelve hours. Each is therefore 
the eleventh part of twelve hours, or one hour and the 
eleventh of an hour, or one hour, five minutes, and 
five-elevenths of a minute. 

Time is reckoned only by the appearances of the 
heavens, Without reference to whether they are caused 


Fig. 1. 





by the motions of the heavenly bodies, or by that of 


the earth, or by both together. To these appearances 
then we confine ourselves. 

By the following explanation it may be shown why 
the interval between new moon and new moon is 
greater than that which the moon takes to move com- 


oy «om ©: 
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pletely round. Let the spectator be on the earth at E, 
let the sun move round in the paper from S to T, &c., 
(which is the appearance presented,) and let the moon 
move round in the direction M N. In the meanwhile 
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the spectator is carried round with the earth, and the 
sun and moon are both alternately seen and hidden, 
which has nothing to do with the conjunctions of the 
sun and moon we are now considering, except that they 
will appear at one time of the day or another as the 
case may be, and that this day, made by the earth's 
motion, is a convenient measuring unit for the month 
of the moon’s revolution, or the year of the sun's. 
Also the moon must not be 
supposed to be in the paper, 

but above or below it, which 

is as if the hour-hand of the , 
watch moved on one face, and 8 

the minute-hand on another, 

as in the following diagram. 

The conjunctions are still said 

to take place when one hand A 
is directly over the other. 
Supposing the earth to be in the centre, the hour-hand 
to point to the sun, and the minute-hand to the moon, 
new moons take place when the minute-hand is over or 
under the hour-hand ; and eclipses of the sun when the 
hour-hand and minute-hand are together at A or B, or 
the moon hides the sun from the earth; while eclipses 
of the moon take place when one hand points to A-and 
the other to B, or the earth hides the moon from the 
sun. Now supposing, which is nearly the case, that 
the moon makes thirteen revolutions from M to M 
again, while the sun makes one from S to S, which 
amounts to supposing the hour-plate to go to thirteen 
hours instead of twelve, and the hour-hand to move 
one-thirteenth as fast as the minute-hand, it will appear 
that the whole year (which is thirteen complete lunar 
revolutions) will contain ¢welve complete intervals be- 
tween new moon and new moon, and therefore the 
lunar month (a period from new moon to new moon) 
will be the twelfth part of thirteen lunar revglutions, 
or the month will exceed the lunar revolution by about 
the twelfth part of the latter. 

The moon is not used as a measure of time among 
any of the European nations. The measures of time 
amongst us are, the stars, the sun, and an imaginary 
sun, which completes a whole year in the same time as 
the real sun, moving at an average rate, whereas the 
real sun varies its motion. Time derived from the 
stars is called sidereal time (sidus, a constellation) ; 
time derived from the sun, solar time (sol, the sun). 
Time from the real sun is called apparent solar time ; 
from the imaginary sun, average or mean solar time. 
And the time which a common clock is made to give is 
always mean solar time; while that of the clocks used 
in observatories is generally sidereal time. Apparent 
solar time is what the sailor gets at sea from the sun 
itseif, or the landsman from a sun-dial. We now pro- 
ceed to explain these terms. For our present purpose it 


matters not whether the earth be a globe turning on . 


its axis, or a cylinder turning on its axis, or even a 
circle turning round on its centre. All the necessary 
ideas are conveyed in that of turning uniformly, to 
which we shall therefore confine ourselves. 


L 


re 


Let the circle, representing the earth, turn uniformly 
round its centre E, and let us suppose the spectator to 
be at @; Lis a star which remains fixed, and § is the 
sun, to all appearance moving round the earth in the 
same direction as that in which the earth moves round 
its axis. It is evident that the spectator will not come 
again to the star until the earth has made a whole revo- 
Jution; that is, will not come to have the star in the 
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same position relatively to himself. For the star is 
fixed, and neither more nor less than one revolution of 
the earth will suffice for this purpose. Hence the 
absolute time of the earth’s revolution is the slar-day, 
or sidereal day ; it is called twenty-four hours of side- 
real time, each hour being divided into sixty sidereal 
minutes, each minute into sixty sidereal seconds. But 
sidereal minutes and sidereal seconds are not exactly 
those of the clock. 

Now let us consider the real sun. When the spec- 
tator has recovered his position with respect to the star, 
he will not have recovered that with respect to the sun, 
any more than the minute-hand at one o'clock will have 
recovered the position with respect to the hour-hand 
which it had at twelve, and for a similar reason. The 
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hour-hand has moved on, the sun has moved on; the 
minute-hand must overtake the hour-hand, the spec- 
tator must overtake the sun. Hence the apparent 
solar day is somewhat longer than the sidereal day: 
and if we suppose the apparent solar day to be divided 
into twenty-four apparent solar hours, &c., the appa- 
rent solar hour will always be somewhat longer than 
the sidereal hour, &c. 

But we cannot settle how much longer an apparent 
solar is than a sidereal day, without asking of what day 
we mean to speak. For the sun moves sometimes 
quicker, sometimes slower ; that is, the earth is some- 
times a longer, sometimes a shorter time, in making 
up for the advance of the sun. ‘To put this under the 
eye, we have constructed the following diagram :— 























B 
Pe D me © ———— 
Wee ee Easel ee eee 2 ad 
. a 
° 3 S 
3 = $ $ 
<= ics} - 3 B 
P ‘. g 3 = s 8 a 8 f 3 . ° 3 &§ 
4 a < § |& S 5 § 5 > aS 5 S aS 
| i 2X I< = m2 = 2 a 3 z a PB 
A Cc 
The proportional rates at which the sun moves in right | times moving more obliquely than at others. Thus, at 


ascension (presently to be explained) on different days, 
are represented by the upright lines. Thus, on thelst of 
January he is moving more rapidly than on the Ist of 
February, in the proportion of the line AB to C D; 
and soon. But the apparent motion in right ascension 
needs explanation. 

If, in the last diagam but one, we stick a pin into 
the paper at Land S, Land S might move up and 
down that pin without altering their respective days ; 
the spectator would call them both on his meridian when 
he is at a, but would imagine them to come on the 
meridian at different parts ofit. To alterthe day, S must 
make some motion round the paper. Now suppose the 
pin to be carried round the paper, always upright, and 
S to move up and down the pin while the latter moves 
round, Also conceive the pin to be extended under- 
neath the paper, as in the following diagram :— 








Let the spectator be carried round an axis at E, while 
S moves on the pin, and the pin itself is carried round 
SPP, &c., so that S describes the curve SSS, &e. 
Let S be carried nearly uniformly along SSS, which 
is the case of the sun’s apparent motion, for it is not 
the small irregularity of the sun’s motion which is the 
most effective cause of the difference between one appa- 
rent day and another. That day, as we have described 
it, dates from the time when the spectator is directly 
between his own axis and the pin on which § is, 
which represents the sun on the meridian ; and while, 
if the pin remained steady, the day would be a sidereal 
day, it becomes a longer day in consequence of the 
motion of the pin, as before described. Now if the sun 
move uniformly along SS, &c. the bottom of the pin 
cannot move uniformly aloug S P P, because Sis at some 





the two eguinores, that is, at the two points where S S, 
&c., cuts P P, a great part of the motion of S is caused 
by the rise or fall upon the pin, and the rest by the 
motion of the pin. But at the two solstices, or highest 
and lowest points of SS, the motion up or down the 
pin is inconsiderable, and nearly the whole change of 
place of S is caused by the latter. The motion of the 
pin (the sun's motion in right ascension) is least 
about the equinoxes and greatest about the solstices, 
as will appear on looking at the last diagram but one. 

The irregular motion of the sun sometimes aids, and 
sometimes counteracts, as far as it goes, the effect of 
the obliquity of the ecliptic SSS, &c., making the 
above not exactly, but only nearly true. 

The apparent solar day is therefore different fur 
different days. Itis the interval between two successive 
appearances of the sun on the meridian, and, divided 
into twenty-four hours, is shown as long as the sun 
shines, on a sun-dial. Now, clocks are constructed to 
go uniformly, and therefore cannot show the difference 
between one apparent day and another. But if a 
clock be made to go through twenty-four hours in an 
average day, and is set to noon with the dial on any 
particular day, it will be at noon with the dial again 
on the same day next year, and in the interval will 
have been sometimes before and sometimes behind the 
dial. The clock will keep time with an imaginary 
sun, which moves, not in the ecliptic, S S S, but in the 
equator S P P; and which also moves uniformly with 
the average motion in right ascension of the real sun. 
This imaginary sun, always gaining the same every 
day on the stars, will give a mean solar day, always of 
the same length, and a little longer than the sidereal 
day. We may now consider the rotation of the earth 
round its axis as analogous to that of the minute-hand, 
the rotation of the imaginary sun to that of the hour- 
hand, and the fixed stars to the hours and minutes 
marked on the plate, as follows :— 

PHENOMENA OF THE 
Imacinary Sun, &c. 

A point on the earth revolves 
from under a star to under the 
same star again in one sidereal 
day. All sidereal days are of 
the same length. 

The minute-hand revolves A point on the earth revolves 
from hour-hand to hour-hand, from under the imaginary sun 
in a period without a name. to under the imaginary sun again 


PuHenoMeNA oF THE WATCH. 


The minute-hand moves from 
XII to XII again in one hour. 
All hours are of the same length. 
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All these periods are of the 
same length, and longer than 
an hour. 

The complete rotation of the 
hour-hand takes place in twelve 
hours exactly, containing eleven 
periods as above. One hour is 
cut up in making twelve hours 
into eleven periods. Hence a 
period exceeds an hour by the 
eleventh. part of an hour, or 5 #, 
minutes, 
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PHENOMENA OF THE 
Imaqinary Sun, &c. 


in a mean solar day. All mean 
solar days are of the same length, 
and longer than a sidereal day. 
The complete revolution of 
the mean sun takes place in 
366 sidereal days nearly, con- 
taining 365 mean solar days 
nearly, Qne sidereal day is cut 
up in making 366 sidereal days 
into 365 solar days. Hence a 
mean solar day exceeds a sidercal 
day by about the 365th part of 





a sidereal day, or about four 
sidereal minutes. 


Hence the reason why the stars come on the meridian 
by about four minutes earlier every day, the reckoning 
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being by the sun. We now return to the mean and 
real sun. It appears that the time denoted. by these 
two varies on two accounts; first, because the real 
sun moves obliquely to the equator, so that the point 
directly under it does not move uniformly along the 
equator, even though the real sun should move uni- 
formly in the ecliptic ; secondly, because the real sun 
does not move uniformly even in the ecliptic. These 
two effects sometimes counterbalance each other as far 
as they go, sometimes exactly counterbalance, and 
sometimes aid each other. Their united effect is to 
make the clock and dial tell a different story every day 
in the year, four only excepted. The difference between 
the times of twelve at noon as shown by the two, is 
called the equation of time, and may be represented as 
follows :— 
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On tlie horizontal line days are measured, perpen- 
dicular to which is a scale representing minutes. The 
curve is so drawn that the perpendicular distance from 
the point indicating a day to the curve, shall always 
represent ‘the number of ‘minutes by which the dial is 
faster or slower than the clock. Thus, on the Ist of 
January the dial is about three minutes too slow, or 
the noon of apparent time is about three minutes after 
the noon of mean time. On the Ist of May the dial is 
about three minutes too fast, or the noon of apparent 
time is three minutes before that of mean time. 

In most almanacs, a few years ago, all the phenomena 
were given in apparent time, which though useful 
enough at sea, where’ the real'sun must be the guide, 
was not so convenient for landsmen, who are much 
better acquainted with the representative of the imagi- 
nary sun known by the name of a clock or watch. 
Thus, those who consult the ‘ British Almanac,’ or any 
other of those published by the Society for the Diffu- 
sion of Useful Kuowledge, and those who use ‘ Moore’s 
Almanac,’ are reckoning in two different sorts of time, 
the first giving clock-time, the second dial-time. Thus, 
according to the ‘ British Almanac, on the Ist of 
November the sun rises at fifty-four minutes after six ; 
according to Moore, it rises at eleven minutes after 
seven ; or, the time of ‘ Moore’s Almanac’ is seventeen 
minutes fast. But both almanacs agree in stating that 
on the Ist of November the dial is sixteen minutes 
fifteen seconds fast. The neglect of odd seconds in 
the computation accounts for the rest of the difference. 

We can imagine various cases arising in which this 
discrepancy between the almanacs may cause confusion. 
For instance, a master who uses the ‘ British Almanac’ 
makes an agreement with his workmen to be at their 
posts by sunrise. The lst of November is (which may 
happen) a misty morning, and the workmen look to 
their almanacs for the time of sunrise. Knowing and 
caring nothing about the equation of time, those who 
use * Moore’s Almanac’ think they are very punctual 
if they are at their work by five minutes after seven, 
since the almanac says eleven minutes after seven. 
But the master counts upon their being there at fifty- 
four minutes after six at least, Those who use the 


‘ British Almanac,’ or any other which uses mean tithe, 
are always right by the clock: and in the courts 
of law in England it is the clock which is always 
appealed to in questions. of time. Those. who use 
* Moore’s Almanac,’ or any other which has apparent 
time, must proceed as follows. . Look at the equation 
of time (p. 31), and opposite to the day in question 
are minutes and seconds, either with fa. (fast) or slo. 
(slow) above them. Add to the almanac time for fa., 
take away from the almanac time for slo. (Take the 
nearest day, as every odd day is given, and the nearest 
minute, not minding the-seconds.) Thus, to find the 
time of sun-rise on the 12th of December—‘ Moore’s 
Almanac’: says, eight hours and five minutes, or five 
minutes after eight. In the equation of time we find 
for the Lith, six minutes forty-three seconds; for the 
13th, five minutes fourteen seconds, both slo. Take 
six minutes for the 12th. Then the sun rises at six 
minutes before five minutes after eight, that is at fifty- 
nine minutes after seven, which is the time marked in 
the * British Almanac.’ 

The time of sun-rise is not a very precise astrono- 
mical phenomenon. It means the time of sun-rise 
where the horizon is quite level, as at sea; but inde- 
pendently of variations in the refraction, a spectator 
situated in a valley will see the sun rise later, and one 
on an eminence sooner, than one where the horizon is 
on the level of his eye. This is evident in the following 
diagram :— 








The lines, in which the spectators at A, B, and C, will 
} first see the sun, are drawn; and it is evident that the 
time will vary with the ground they are upon. 
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